Ram lambs, wethers and wethers implanted with Silastic capsules containing crystalline testerone were placed on test at 14.9 + 1.1 kg and evaluated for differences in growth, performance, carcass characteristics and composition. Silastic implants that were able to maintain physiological concentrations of serum testosterone provided appropriate replacement therapy in wethers. Growth rate, efficiency of feed utilization and carcass yield of intact ram lambs and testosterone-implanted wethers were superior to the corresponding traits of wethers. Wethers had greater backfat thickness and percentage kidney and pelvic fat, and their carcasses graded higher than those of ram lambs or wethers implanted with a high dosage of testosterone. Empty body composition was significantly affected by treatment. Thus, intact rams contained more water and protein but less fat and gross energy than wethers. Testosteroneimplanted wethers were intermediate in composition. Carcass water and protein were not significantly affected by treatment; however, carcass fat and gross energy were highest for wethers and lowest for intact rams. The relationship between testosterone and carcass fat and energy was dose dependent; i.e., decreased fat and energy were associated with The authors acknowledge the technical assistance of Ms. Becky Weber, Mr. Lee Peshek, Mr. Brad Knapp and Mr. Wayne Hinerman and the cooperation of the Nebraska Agr. Exp. Sta., Univ. of Nebraska, Lincoln. Parts of these data were presented at the 1979 Annu. Meet. of the ASAS (Schanbacher et al., 1979) , Univ. of Arizona, Tucson, July 28-31.
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Summary
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Introduction
Ram lambs grow more rapidly, utilize feed more efficiently and yield leaner carcasses than do wethers (Walker, 1950; McClaugherty et al., 1959; Wilson et al., 1970 Wilson et al., , 1972 Glimp, 1971) . These beneficial responses are assumed to be attributable to testicular hormones, particularly testosterone. Schanbacher and Ford (1976) found growth and carcass responses of intact and short scrotum rams to be superior to those of castrate lambs. In spite of marked differences between intact and short scrotum rams in testicular weight and histology and serum luteinizing hormone concentrations, serum testosterone was remarkably similar. Thus, the superior growth responses of these animals were attributed to the high blood concentrations of testosterone.
Exogenous testosterone has been shown to improve rate of gain and feed efficiency of lambs (Andrews et al., 1949; Pope et aL, 1950; O'Mary et al., 1952; Jacobs et al., 1972) ; however, testosterone may not be the only testicular hormone that improves performance of the growing-finishing animal. Hafs et aL (1971) emphasized that anabolic effects in ruminants could be derived from both androgens and estrogens. Jacobs et al. (1972) found intact rams and testosterone-treated wethers similar in carcass traits; however, rams gained faster than treated wethers. These data suggest that testicular hormones in addition to testosterone are needed to maximize growth performance of young lambs. To study the effectiveness of ducts that may also be suitable. exogenous testosterone as a replacement for 685 JOURNAL OF ANIMAL SCIENCE, Vol. 51, No. 3, 1980 This article is a U.S. government work, and is not subject to copyright in the United States. testicular endocrine secretions on performance of growing finishing wethers one must have a suitable treatment regimen that provides physiological concentrations of blood testosterone. Testosterone-filled Silastic capsules deliver a predictable dose of testosterone to lambs (Schanbacher, 1980b) ~ making it possible to study the relationship between testosterone treatment and lamb performance.
Materials and Methods
Sixty crossbred ram lambs born in October 1977 were used in this study. The lambs were randomly divided into six groups of 10 and assigned to treatment at 10 weeks of age (15 kg). Except for 10 lambs that were slaughtered initially and analyzed for estimation of chemical composition at the start of the experiment, the lambs (n=50) were treated as indicated in the preceding companion study (Schanbacher, 1980b) . In brief, 10 lambs were left intact (R) and the remainder were castrated. Ten wethers were implanted with an empty Silastic capsule (W); 10 were implanted with two lO-cm Silastic capsules to provide a low blood concentration of testosterone (WL); 10 were implanted with two 30-cm Silastic capsules to provide an intermediate blood concentration of testosterone (W I) and 10 were implanted with six 30 cm Silastic capsules to provide a high blood concentration of testosterone (WH) , Subsequently, lambs in groups R, W, WL, W I and W H were penned individually and fed ad libitum a pelleted diet consisting of 71% ground shell corn, 20% dehydrated alfalfa 5% soybean meal and 1.3% trace mineralized salt. The diet contained 88.5% dry matter, 13.6% crude protein and 2.90 Mcal metabolizable energy/kg dry matter. Feed consumption was tabulated daily, animals were weighted biweekly and weights were recorded until all animals had been slaughtered.
Lambs in each treatment group were stratified by weight at approximately 30 kg and assigned to slaughter group 1 (36 kg) or slaughter group 2 (52 kg). At slaughter, testosterone implants were retrieved and hot carcass weight was recorded. The gastrointestinal tract was cleared and total weight of noncarcass tissues (offal) was recorded. Chilled carcass data were collected 24 hr later and used to calculate quality and yield grades. The offal and carcass of each lamb were frozen (-20 C) and later ground in a Hobart (Model 4732) grinder equipped with a 5-ram screen. After thorough mixing, triplicate lO0-g samples of both the offal and carcass were taken and the weight of each was recorded. Dry weight was recorded after freeze drying to constant weight, and fat-free dry weight was recorded after extraction with diethyl ether in Soxhlet apparatuses for 7 days. Fat was calculated as the difference between dry weight before and after ether extraction. Samples were then ground in a Wiley mill equipped with a l-ram screen. Total nitrogen was determined by an automated Kjeldahl procedure, ash by burning in a muffle furnace at 575 C for 8 hr and gross energy by adiabatic bomb calorimetry.
Empty body composition was calculated as the sum of the carcass and offal components, and empty body gains were calculated as the difference between empty body or component weight at slaughter and empty body or component weight of lambs in the initial slaughter group.
The data were analyzed by analysis of variance for data with unequal subclass numbers (Harvey, 1975) ; the model included treatment and slaughter group as main effects. Initial weight and deviations from slaughter group mean empty body weight were included as linear covariates. Interactions between main effects were evaluated and found to be statistically nonsignificant. Therefore, the data for 36-and 52-kg slaughter lambs were pooled for presentation. Where F values were significant, group means were tested by Fisher's LSD test (P<.05).
Results

Influences of Castration and Testosterone
Treatment on Serum Testosterone Concentrations. Serum testosterone was low (.2 ng/ml) in castrate lambs but ranged from .6 to 3.1 ng/ml during pubertal development in intact rams. Testosterone-filled Silastic implants resulted in an immediate increase in serum testosterone concentrations in castrate lambs, but concentrations decreased thereafter as the lambs grew. Serum testosterone decreased from 1.2 to .5 ng/ml in wethers implanted with the low (WL) testosterone dosage; from 2.8 to .9 ng/ml in wethers implanted with the intermediate (WI) testosterone dosage, and from 6.6 to 1.9 ng/ml in wethers implanted with the high (WH) testosterone dosage (Schanbacher, 1980b Testosterone Influences on Carcass Characteristics. Adjusted backfat thickness was lowest (.48 cm) for intact rams and highest (.69 cm) for wethers (table 2). External fat was negatively associated with the dosage of testosterone implanted, and backfat thickness was only .46 cm in wethers implanted with a high level of testosterone, a value comparable to that measured for intact rams. Although the percentage of kidney and pelvic fat was lowest for intact rams and highest for wethers, a dose-dependent suppression of this internal depot by testosterone was not evident. Carcass quality was negatively related to testosterone treatment; wethers graded significantly higher than rams and testosterone-implanted wethers. Intact rams and wethers implanted with a high level of testosterone graded similarly. Carcass yields were high for all lambs but treatment differences were still found (P<.05). In contrast to quality grades, yield grades were highest for intact rams and wethers implanted with a high level of testosterone. The high yield grades and somewhat low quality grades determined for lambs in this study were due largely to the inclusion of an early slaughter group (36-kg lambs).
The influence of slaughter weight on carcass quality and yield is illustrated in figures 1 and 2, respectively. Changes in quality grade between 36 and 52 kg were nearly parallel for all treatment groups. Wethers went from low Choice at 36 kg to high Choice at 52 kg, whereas intact rams went from high Good to low Choice. bQuality grade: 10 = low Choice, 11 = average Choice, 12 = high Choice.
Cyield grade: 1 = high cutability, 5 = low cutability.
d'e'fMeans not followed by the same superscript are different (P<.05).
differ, carcass weights were affected by treatment; wether carcasses were heavier (P<.05) than ram carcasses. Although carcass composition was affected by treatment only for fat and energy content, empty body composition was different for content of water, fat, protein and energy. In general, intact rams and wethers implanted with high levels of testosterone were leaner and contained less fat and energy than nonimplanted wethers. Weight and composition of empty body gains of intact rams, wethers and testosterone-LU a n," (.9 >.. b'c'dMeans not followed by the same superscript are different (P<.05). eNot significant.
implanted wethers are shown in table 5. Composition of gains reflected carcass and empty body compositon. Intact rams and testosterone-implanted wethers had more protein and less fat and energy than nonimplanted wethers.
Discussion
The results of this study support previous findings that ram lambs gain more rapidly, utilize feed more efficiently and yield leaner carcasses than do wethers (Field, 1971; Schanbacher and Ford, 1976) . Testosterone is presumed to be the testicular hormone responsible for these effects (Schanbacher and Ford, 1976) even though the testis is though to secrete substantial quantities of other steroids.
In an effort to determine whether blood concentrations of testosterone in ram lambs are responsible for their superior performance, testes were removed and exogenous testosterone was administered in physiological dosages to the growing-finishing lamb. Testosterone-filled Silastic capsules were used successfully to produce mean serum testosterone concentrations similar to those observed for intact ram lambs (Schanbacher, 1980b) . The similar performance of intact lambs and wethers implanted with the high dosage of testosterone indicates that this single steroid possesses most if not all the anabolic effects that the testes provide. Results of previous investigations with wethers injected (Jacobs et al., 1972) or subcutaneously implanted (Andrews et al., 1949;  b'c'dMeans not followed by the same superscript are different (P<.05). eNot significant. Pope et al., 1950; O'Mary et al., 1952) with testosterone support the hypothesis that this hormone promotes anabolism in market lambs and produces leaner carcasses more efficiently. Interpretating of these earlier reports are more difficult, however, because of the low and discontinuous administration of testosterone. In the only study in which plasma concentrations of testosterone were measured (Jacobs et al., 1972) , testosterone was temporarily increased and became nondetectable during the experiment. Because cessation of hormone therapy or castration may quickly alter the characteristics and composition of the lamb carcass, continuous exposure to testosterone either by testicular secretion or by implants similar to those used in the present study may be necessary to assess the influence of gonadal steroids on lamb performance. Decreased fat and energy content of carcasses from ram lambs and testosterone-treated wethers resulted in lean carcasses. Jacobs et al. (1972) showed that wethers treated with testosterone enanthate and untreated rams were remarkably similar in all carcass traits, including fat thickness, fat color and fat firmness, whereas untreated wethers were markedly different. In spite of an apparent influence of testosterone on these qualitative aspects of internal and external fat depots, Crouse et al. (1972) -found no detectable effects of exogenous testosterone on fatty acid deposition in wethers.
From the results of this study and results reported previously, testosterone appears to be the principal steroid responsible for the superior performance of intact ram lambs. Although peripheral metabolism of testosterone may be necessary for anabolic activity, we do not know whether gonadal steroids act directly on the target tissues of protein (muscle) and lipid (adipose) synthesis and degradation or whether they act indirectly through secondary mechanisms. The presence of androgen receptors in skeletal muscle (Dube et al., 1976; Krieg, 1976; Rogozkin, 1979) suggests the possibility of a direct mechanism of action; however, stimulation of the secretion of anabolic hormones such as growth hormone (Davis et al., 1978; Wiggins et al., 1976) and prolactin (Heitzman, 1979; Schanbacher, 1980a) by androgen and estrogen treatment provides an alternative mode of action for gonadal steroids.
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